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METHOD FOR ACIDIFYING AND PRESERVING FOOD COMPOSITIONS USING 

ELECTRODIALYZED COMPOSITIONS 

5 The present invention is directed to methods for acidifying and preserving food products 

using electrodialyzed compositions. More specifically, electrodialyzed compositions having an 
acidic pH and fi-ee from objectionable flavor and taste are prepared using electrodialysis. Food 
products are contacted with the acidic electrodialyzed compositions to provide acidified or 
preserved food products having excellent organoleptic properties. 
10 The present application is being filed concurrently on this date with application serial 

number (Atty. Dkt. No. 77051), entitled "Electrodialyzed Compositions and Method 

of Treating Aqueous Solutions Using Electrodialysis", which is incorporated herein by reference. 

BACKGROUND 

15 The growing popularity of healthy foods and natural foods has greatly increased the use 

of more natural methods of preserving food without use of the chemical food preservatives. 
Most common food poisoning and spoilage problems are caused by unwanted growth of bacteria, 
yeasts and molds. The addition of food acidulants (such as lactic acid and vinegar) to inhibit the 
growth of microbes which are harmful to man or animals is known. However, the direct 

20 addition of food acidulants inevitably leads to significant (often negative) alteration in flavor and 
taste to food products. 

Shelf stable vegetables generally experience lose of flavor, crispness, texture, firesh 
appearance, color, and/or other organoleptic properties. Conventional preservation processes 
(e.g., canning and the like) typically involve multiple heat treatment steps and/or a combination 

25 of heat treatment with other destructive processing steps to preserve the vegetables. Other 

conventional methods (e.g. pickling, infusion, conventional acidification, and the like) typically 
use high levels of preservations (e.g. salt, humectants, potassium sorbate, acidulants and the like) 
and introduce undesirable flavor and taste. Generally the accumulative effects of these 
preservation methods results in reduced quality. Therefore, an improved method of preserving 

30 fresh (e.g. vegetables) and prepared foods (e.g. cooked pasta) is needed to provide high 
organoleptic quality and required shelf stability. 



SUMMARY 

The present invention is directed to methods that use electrodialyzed (ED) compositions 
5 to produce acidified foods and foods having increased shelf life. The use of ED compositions in 
foods is effective for lowering the pH of the foods and does not require the addition of food 
acidulant for pH adjustment. Since undesirable flavors and tastes are not introduced with the ED 
composition and no preservatives are used, the resulting preserved foods have exceptional 
organoleptic quality. 

10 Preservation of food products is achieved by contacting food products with ED 

compositions. Shelf lives of at least about 6 months under ambient storage conditions can be 
obtained without the need of using food acidulants, preservatives and/or extensive thermal 
processing (such as retorting) for preservation purpose. More specifically, a preserved food 
product is prepared by contacting a food product with an amount of an ED composition effective 

15 for forming an acidified food product, wherein the amount of ED composition is sufficient to 
achieve a pH of about 4.6 or less, preferably about 4.2 or less, in the shelf stable food products 
under ambient storage conditions. Food products which may be preserved include vegetables, 
beans, meat, potato, rice, pasta, and mixtures as well as prepared foods such as beverages, 
desserts, syrups, dressings, sauces, gravies, dips, spreads, cereal products and baked goods 

20 containing the ED composition. The amount of ED composition effective used is determined by 
the buffering capacity of the foods, the pH of the ED composition, target pH of the final products 
and processing conditions (such as contact time and temperature). 

ED composition are generated using membrane electrodialysis and have a total cation 
concentration of about l.ON or less, an individual cation concentration of about 0.6N or less, a 

25 fi-ee chlorine content of about 1 ppm or less, and a pH of about 4.6 or less. In an important 

aspect, the ED compositions have a total cation concentration of about 0.5N or less, preferably 
about O.IN or less, an individual cation concentration of about 0.3N or less, preferably about 
0.04N or less, a firee chlorine content of about 1 ppm or less, and a pH of about 3.5 or less. 

In another aspect, preserved food products are prepared using a method that includes (1) 

30 contacting a food product with an amount of ED composition effective for obtaining an acidified 
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food product, wherein the amount is sufficient to achieve a pH of 4.6 or less and preferably about 
4.2 or less in the food products to be stored under ambient temperature; (2) placing the acidified 
food product in a heat-stable, scalable container; (3) sealing the container; (4) thermally treating 
the food product in the sealed container at a temperature and for a time effective to pasteurize the 
5 food product; (5) cooling the thermally treated food product to rapidly reduce the temperature to 
25°C or less to obtain the preserved food product. Acidified foods may also be heated to a 
temperature sufficient to pasteurize the container while being hot- filled into the container, thus 
allowing the omission of step (4) and (5). Food products which may be preserved include 
vegetables, beans, meat, potato, rice, pasta, and mixtures thereof, as well as prepared foods ^ 

10 containing ED compositions including beverages, desserts, dressings, sauces, gravies, dips, 
spreads, snacks and cereal and baked goods. Heat-stable, scalable containers that may be used 
include a glass jar, plastic pouch and the like. Other conventional methods of acidifying food 
products with a acidic medium are well know in the art and described in 21 Code of Federal 
Regulations section 1 14,80 under "Process and Control" of "Acidified Foods". The present 

15 invention also disclose additional, but more efficient, methods of preparing acidified foods with 
improved product quality. 

In another aspect, preserved food products are prepared using an in-package acidification 
and pasteurization method that includes (1) placing a food product in a scalable, heat stable 
container; (2) adding an amount of electrodialyzed composition to the container, wherein the 

20 amount is sufficient to achieve a pH of about 4,6 or less, preferably about 4.2 or less in food 
products to be stored under ambient conditions; (3) seaUng the container; (4) thermally treating 
the food product in the sealed container at a temperature and for a time effective to pasteurize the 
food product; (5) cooling the thermally treated food product to rapidly reduce the temperature to 
about 25°C or less to obtain the preserved food product. The food product placed in the 

25 scalable, heat stable container may be raw or partially cooked (e.g. pre-blanched vegetables), and 
the scalable, heat stable container may be a plastic pouch. 

Vegetables may include carrots, peppers, broccoh, peas, pea-pods, cauliflower, onions, 
tomatoes, mushrooms, zucchini, com, celery, asparagus, green beans, water chestnuts, and 
bamboo shoots. Food products may be cleaned or pretreated to reduce an initial microbiological 
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load (e.g. rinsing with chlorinated water). When cooked, the vegetables have appearance, 
texture, and taste superior to that provided by high quality frozen vegetables. 

In another aspect, preserved vegetables are provided by a method that includes (1) 
pretreating raw vegetables in order to reduce an initial microbiological load; (2) placing the 
5 pretreated raw vegetables in a scalable, heat stable plastic pouch; (3) adding an amount of 

electrodialyzed composition to the container, wherein the amount is sufficient to achieve a pH of 
4.6 or less, preferably 4.2 or less, in the preserved vegetables; (4) sealing the container; (5) 
thermally treating the vegetables in the sealed container at a temperature and for a time effective 
to pasteurize the vegetables; (6) cooling the thermally treated vegetables to rapidly reduce the 

10 temperature to about 25 °C or less to obtain the preserved vegetables. 

In another aspect, an acidified food product is provided by contacting the food with a 
countercurrent stream of ED composition having a pH of about 4.5 or less, preferably 4.2 or less, 
for a total contact time of at least about 30 seconds at a temperature of about 1 to about 100°C. 
The ED composition having a total cation concentration of about l.ON or less, preferably about 

15 0.5N or less, and most preferably about O.IN or less, an individual cation concentration of about 
0.6N or less, preferably about 0.3N or less, and most preferably about 0.04N or less, a free 
chlorine content of aboutl ppm or less, and a pH of 4.5 or less, preferably 3.5 or less. Similarly, 
contacting of ED composition and food product may be achieved by dipping or soaking of food 
product in a series of vessels containing ED compositions with increasing acidity for better 

20 utilization of the acidifying power of the ED compositions. 

In another important aspect, the ED composition is usefiil for the preservation of 
formulated foods. More specifically, ED composition maybe formulated into a prepared food 
such as beverages, desserts, dressings, sauces, gravies, dips, spreads and snacks by direct or 
partial replacement of the water normally present in the formula sufficient in achieving a final 

25 pH of about 4.6 or less, preferably abut 4.2 or less. The formulated food product is then hot- 
filled into a heat stable container or placed into a container to which heat is applied in an amount 
effective to pasteurize the food product. 

Generally, shelf stable formulated food products are prepared using a method that 
includes (1) incorporating an amount of ED composition in a formulated food that is effective for 

30 obtaining an acidified food product, wherein the amount is sufficient to achieve a pH of about 



4.6 or less, preferably 4.2 or less; (2) placing the acidified food product in a heat-stable sealable 
container; (3) sealing the container; (4) thermally treating the food product in the sealed 
container at a temperature and for a time effective to pasteurize the food product; (5) cooling the 
thermally treated food product to rapidly reduce the temperature to about 25°C or less to obtain 
5 the preserved food product. Said formulated food product may also be heated to a temperature 
sufficient to pasteurize the container while being hot-filled into the container, thus allowing the 
omission of step (4) and (5). Formulated food products which may be preserved include 
beverages, desserts, dressings, sauces, gravies, dips, spreads, snacks, pasta, cereal and baked 
goods. 

10 In another aspect, a method is provided for preparing preserved food products having at 

least one solid and one fluid component. The method includes (1) separately pretreating either 
one or all components with an amount of ED composition sufficient to achieve a pH of about 4.6 
or less, preferably about 4.2 or less in the final, combined, preserved food products; (2) placing 
the pretreated components in a sealable, heat stable container; (4) sealing the container; (5) 

15 thermally treating the sealed container at a temperature and for a time effective to pasteurize the 
combined food products; (6) cooling the thermally treated vegetables to reduce the temperature 
to about 25*^C or less to obtain the preserved food products 

In another aspect, a method is provided for preparing preserved pasta using an in-package 
process. The method includes (1) combining dry pasta with an ED composition having a 

20 temperature of about 70 or greater, preferably 90°C or greater in a heat stable, heat sealable 
container, the ED composition effective for achieving a final, equilibrium pH of the preserved 
pasta of about 4.6 or less, preferably about 4.2 or less;. (2) sealing the filled container; (3) 
thermally treating the sealed container at a temperature of 70 °C or greater; (4) mixing for about 
2 minutes or more, the mixing effective for providing a uniform distribution of the 

25 electrodialysis composition in the pasta; (4) cooling the thermally treated pasta to reduce the 
temperature to about 25°C or less to obtain the preserved pasta. In this aspect, the ratio of dry 
pasta to ED composition is about 0.70 or greater, preferably about 0.8 or greater. 

BRIEF DESCRIPTION OF THE DRAWING 

30 

,FIG. 1 is one example of a membrane electrodialysis system for decreasing pH. 
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FIG. 2 is another example of a membrane electrodialysis system for decreasing pH. 
FIG. 3 shows a process for in-package processing of pasta. 
FIG. 4 illustrates a counter current acidification process, 

5 DETAILED DESCRIPTION 

ED compositions may be used in the preparation a wide variety of shelf-stable food 
products. As used ''shelf stable food products" means the preserved food products stored under 
ambient conditions is safe for consumption.. "Shelf-life" means shelf life under ambient storage 
10 conditions. 

Food products which may be prepared using ED compositions include meat, potato, rice, 
pasta, and the like, as well as mixtures thereof The vegetables that may be used include, but not 
limited to, green, yellow, orange, and/or red vegetables. Such vegetables include, for example, 
carrots, various types of peppers, broccoli, various types of peas and pea-pods, cauliflower, 

15 onions, tomatoes, mushrooms, zucchini, com, celery, asparagus, green beans, water chestnuts, 
bamboo shoots, and the like. Generally, the vegetables are first cut into appropriate sizes 
(generally pieces of inch or less in their longest dimension); larger pieces can be used, if 
desired. Of course, smaller vegetables such as peas and pea-pods can be, and preferably are, 
used whole without any reduction in size. Both fi-ozen (especially the individually frozen type) 

20 vegetables and fresh vegetables can be used. Preferably fresh vegetables are used since they 
provide the highest quality in the final product. Generally, blanching of the vegetables prior to 
contact with ED compositions should be avoided, if possible, since this additional thermal 
exposure can result in lose of quality. If blanching is used, it may be done in water or in ED 
compositions. Likewise, fresh vegetables should be processed in the present invention as 

25 quickly as is reasonable in order to minimize enzymatic degradation. Examples of cooked meat 
products which may be used include, but are not limited to, beef, pork, poultry, seafood, and the 
like. 

Food products may be contacted or combined with ED compositions and/or food 
products may be prepared using ED compositions. One way of "contacting" or "combining" a 
30 food product includes placing food products into an ED composition, either for storage and/or 
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cooking. ED compositions may also be contacted with food products for some predetermined 
amount of time and then removed from contact with the ED composition. 

ED compositions are especially useful in the preparation of starches and pastas. 
Examples of pasta which may be packaged using the methods of this invention include, but are 
5 not limited to, macaroni, spaghetti, and the like. Starches may include pasta, rice, potato 

products such as IQF, cubes, slices, whole, fries, mashed, fried, dumpling by way of nonlimiting 
example and mixtures thereof. "Pasta" herein can also include noodles and egg noodles of any 
size and shape. Noodles or egg noodles are pasta products further comprising eggs. By "noodle" 
or "pasta noodle" herein is meant food prepared by drying formed units of dough made from 

10 semolina, durum flour, farina flour, or any combination of two or more of these, with liquid 

eggs, frozen eggs, dried eggs, egg yolks, frozen yolks, dried yolks or any combination of two or 
more of these, with or without water. Dry pasta is pasta having a moisture content of less than 
about 15%. Uncooked fresh pasta may be used as well as filled pasta such as ravioli. 

"Food acidulants" refer to FDA-approved acids (mainly organic acids) including lactic 

15 acid, citric acid, phosphoric acid, fumaric acid, malic acid, tartaric acid, acetic acid, gluconic 
acid, adipic acid, and mixtures thereof. Food acidulants are not required when using ED 
compositions. Hence, less than about 1% of the total food acidulants are found in the preserved 
food products of the present invention. Total food acidulants may be determined using an ion 
chromatopographic method such as by Alcazar et al. [Talanta (2003), 61(2), 95-101] of food 

20 grade acid are used. In another aspect, ED compositions may be used to provide a desired pH 
range, and a small amount of food acidulant (to provide full taste profile) may be included in the 
final food product. 

FDA-approved food acidulants can lower the pH of a food product. Since ED 
composition may be used as a primary acidifying agent, the content of total food acidulants in 
25 acidified foods at a given pH e.g. <4.2 may be used to indicate if the low pH is achieved by 

acidulants or not. In this aspect, the total food acidulants in preserved food products with a pH 
of less than 4.6 is 1 weight percent or less where the food acidulant includes at least one food 
acidulant selected from the group consisting of acetic acid, adipic acid, citric acid, fumaric acid, 
gluconic acid, lactic acid, malic acid, tartaric acid and phosphoric acid. The total food acidulant 
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concentration includes the sum of all of the other acidulants that might be approved for food use 
in the future. 

At the same product pH, use of ED compositions provides food products with the same 
microbiological stability as conventional food acids or acidulants. As used herein 
5 "microbiological stability" means products that are processed and packaged to be commercially 
sterile. Commercial stability is defined by the FDA as the product pH, condition achieved by 
application of heat, or other appropriate treatment that renders the product and container free of 
viable microorganisms having public health significance, as well as microorganisms of non- 
health significance, capable of reproducing in the food under the normal non-refrigerated or 
10 ambient conditions in which the food is stored, distributed, retailed and held by the user. 

Preparation of ED Compositions 

Aqueous Solution. Aqueous feed solutions which may be treated with the ED method 

include any mineral or ion rich aqueous solution obtainable from natural water sources such as 
15 spring water, well water, municipal water, and/or artificially ion enriched water free from 

contamination and excessive chlorination (for example greater than about 2 ppm). An aqueous 

feed solution for ED treatment should have a total cation concentration of about 0.000 IN to 

about 1.8N which is effective for providing an initial conductivity of about 0.1 to about 200 

mS/cm. As used herein, "total cation concentration" or "individual cation concentration" means 
20 any cation (such as Na^, K"*", Ca"^, Mg^) concentration excluding hydrogen ion. Ion 

concentrations may be determined using techniques known in the art, such as for example 

inductive coupled plasma atomic emission spectroscopy for selected. 

In an important aspect, the aqueous feed solution to be treated with ED may have a total 

cation concentration of about 0.002N to about 1 .ON which is effective for providing an initial 
25 conductivity of about 1 .0 to about 30 mS/cm. For example, the aqueous solution to be treated 

with ED may include at least one of the following: 



Cations: 



Concentration (N) 



calcium 



0-0.2 
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magnesium 



0-0.002 



potassium 



0-0.01 



sodium 0-1.7 
Anions : 

bicarbonate 0-0.07 
chloride 0-1.7 
5 sulfate 0-0.01 

Other non-toxic, edible ions may also be included. ^ 

Membrane Electrodialysis. As shown in Figures 1, membrane electrodialysis may be 
conducted using a bipolar membrane and cationic membranes. The membranes are disposed 

10 between a cathode and anode and subjected to an electrical field. The membranes form separate 
compartments and materials flowing through those compartments may be collected separately. 
An example of an electrodialysis apparatus containing ion-selective membranes is EUR6 
(available from Eurodia Industrie, Wissous, France). Suitable membranes are available from 
Tokuyama (Japan). A bipolar membrane includes a cationic membrane and an anionic 

1 5 membrane joined together. 

In accordance with one aspect, an aqueous solution is contacted with the ion-selective 
membranes. Aqueous solutions may be processed in a batch mode, semi-continuous mode, or 
continuously by flowing an aqueous solution over the ion-selective membranes. When using 
batch, semi-continuous mode, or continuous processing, an electrical potential is applied across 

20 the anode and cathode for a time effective for providing an ED composition with the desired pH 
and ion concentrations. Processing times in a batch mode and flow rates in a semi-continuous 
mode or continuous mode are a function of the number of ion-selective membranes that are used 
and the amoxmt of electrical potential applied. Hence, the resulting ED composition can be 
monitored and further processed until a desired pH and ion concentration is achieved. An 

25 alternative membrane configuration is provided in Figure 2. Certain variations in membrane 
configuration are expected to achieve the same results. 

As shown in Figure 1 and 2, the pH of the aqueous solution may be adjusted to a pH 
range of about 0 to about 7 by contacting the aqueous solution with at least one, preferably a 
plurality of bipolar membranes that includes cationic membranes on both sides of the bipolar 

30 membrane. Materials from the compartments closest to the cathode are collected for subsequent 



use. Materials collected from the compartments closest to the anode may be recirculated back 
through the membranes or circulated to a second membrane electrodialysis as many times as 
needed to provide an ED composition having a pH of about 0 to about 7, preferably, about 1 to 
about 5. Materials from the compartment closest to the cathode may also be recirculated back 
through the membranes. 

Electrodialyzed Composition. After treatment with membrane electrodialysis, the ED 
composition has a total cation concentration of less than about l.ON, and concentration of any 
individual ion of less than about 0.6N with a free chlorine content of less than 1 ppm. In a 
preferred embodiment, the ED composition has a total cations concentration of less than about 
O.IN and individual cation concentration of less than 0.04N. For example, the ED composition 
may contain the at least of the following. Other non-toxic, edible ions may also present limited 
mainly by the taste impact of the individual ions. 



Concentration (N) 



Cations: 




calcium 


0-0.1 


magnesium 


0-0.001 


potassium 


0-0.005 


sodium 


0-0.9 


Anions: 




bicarbonate 


0-0.04 


chloride 


0-0.9 


sulfate 


0-0.005 



After treatment with membrane electrodialysis, ED compositions will have a pH ranging 
from about 0 to about 14; for acidic post-ED compositions, preferably from about 1 to about 5. 
Treated solutions do not have objectionable tastes and/or odors. 
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Processing of Food Products 

The present invention provides a simple and cost effective process for the preservation of 
food products with improved flavor and taste over conventionally acidified food products. Solid 
foods such as vegetables, dry pasta, rice, beans and the like are first made in contact with ED 
5 composition of known pH in a sufficient amount effective to achieve the target pH of the final 
preserved food products in manners or with methods known to the art in food technology. These 
commonly used methods of contacting food products with an acidic medium are described in , 
but not limited to, 21 CFR section 1 14.80 under "Processes and Controls" of "Acidified Foods"; 
These methods include (1) blanching food products directly in acidic medium, (2) immersion of 

10 blanched food products in acidic medium, (3) batch acidification of food products in acidic 
medium, (4) direct addition of acidic medium into containers with food products and (5) add 
acidifying agent(s) as part of the food formulation. The present invention discloses improved, 
more efficient methods of preparing shelf stable, acidified food products. 

The acidified products may be placed in a heat stable, heat scalable container. Seal the 

15 container and apply heat treatment effective to pasteurize the food products. Rapid cooling is 
generally preferred after heat treatment. The preserved food products with a pH of less than 
about 4.6, preferably less than about 4.2, which, when stored under ambient conditions, maintain 
their quality for at least 6 months and generally on the order of about 9 to about 12 months. A 
predetermined amount of ED composition of known pH is used at a temperature of above 0°C, 

20 preferably above 70^C is added and most preferably above 85°C. Altematively, hot, acidified 

food products with a temperature of above 70°C can be hot-filled directly into the container. Seal 
the container and hold the sealed container for at least 1 minute to pasteurize the food products 
without fiirther thermal treatment. 

In one embodiment, the present invention provides a very simple and very cost effective 

25 process for the preservation of food products with improved flavor and taste over conventionally 
acidified food products. The present invention also provides minimal thermal exposure of the 
food products thus improves the product flavor, color and texture, specifically by blanching, 
cooking, acidifying and pasteurizing the food product simultaneously in its container and in one 
single step. Especially for vegetable-containing food products, the present invention also 

30 provides for elimination of other quality-degrading treatments such as fi-eezing, drying, retorting, 
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canning, and the like to produce very high quaUty vegetable-containing food products which 
approach, and in some cases, exceed the quality of their IQF counterparts. Additionally, the 
process of this invention provides packaged food products with a pH of less than about 4.6, 
preferably less than about 4.2, which, when stored under ambient conditions, maintain their 
5 quality for at least about 6 months and generally on the order of about 9 to about 12 months. 

For example, clean, cut, raw vegetables are first placed in the heat stable, heat scalable 
container. A predetermined amount of ED composition of known pH and at a temperature of 
above 70°C is added and most preferably above 90^C. The amount and pH of the ED 
composition is sufficient to achieve the target pH of the final products (i.e. less than about 4.6 

10 and preferably less than about 4.2). The container is sealed immediately and rapidly heat to a 
temperature of the food product to about 70^C or higher for a time effective to blanch, cook, 
acidify and pasteurize the food product simultaneously. Mixing (such as gently tumbling the 
sealed container) is preferred during the heat treatment to ensure uniform distribution of the ED 
composition within the container and through out the food products. Rapid cooling is generally 

1 5 preferred after the heat treatment. 

Li one aspect, by combining the use of ED composition and in-package process, the 
present invention also provides a very simple and very cost effective process for the preservation 
of starch products such as pasta, rice, and the like with improved quality (such as reduced sour 
taste). A general process for in-package processing of pasta is shown in Figure 3. A 

20 predetermined amount of food product (dry pasta) and ED composition of known pH is first 

placed in a heat stable, heat scalable container effective to achieve a final, equilibrium pH of the 
preserved food products of less than about 4.6, more preferred less than about 4.2. It is 
important that the ratio of food products to ED composition is fixed to ensure optimum moisture 
content of the preserved food products. For example, the ratio of dry pasta and ED composition 

25 is typically greater than about 0,70 and more preferred greater than about 0.80. The temperature 
of ED composition should be above 70°C and more preferred above 90^C. Continuous mixing 
(such as gently tumbling the sealed container) is necessary during the heat treatment to ensure 
uniform distribution of the ED composition within the container and through out the food 
products. Rapid cooling is generally preferred after the heat treatment. Since cooking, 

30 acidification and pasteurization occur simultaneously over processing is avoided. In addition, the 
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ED composition and the ratio between food products and ED composition are predetermined, the 
resulting acidified foods (such as preserved pasta) after reheating always have the moisture 
content or optimum texture. 

In another important aspect, the ED composition is useful for the preservation of 
5 formulated foods. More specifically, ED composition may be formulated into a food product by 
complete or partial substitution for the water normally present in the formula. Shelf stable 
formulated food products such as beverages, desserts, dressings, sauces, gravies, dips, spreads, 
snacks, pasta, cereal and baked goods are prepared by direct incorporating an amount of ED 
composition of predetermined pH into a food formula effective for obtaining an acidified food 

10 product, wherein the amount is sufficient to achieve a final product pH of less than 4.6 and 

preferably less than about 4.2. The acidified food product is then placed in a heat-stable, scalable 
container. The container is sealed followed by thermally treating the food product in the sealed 
container at a temperature and for a time effective to pasteurize the food product. The required 
pasteurization step may be achieved by a simple hot fill of the acidified food product into the 

1 5 container. Cooling of the thermally treated food product to reduce the temperature to below 

about 25 °C is generally desirable. The preserved food products have no objectionable sour taste 
or off-flavors conmionly associated with the use of food acidulants and are stable imder ambient 
conditions for at least 6 months but generally in the order of 9 to 12 months. 

In another aspect, the present invention, especially in conjunction with the use of in- 

20 package process, may be used to preserve food products comprising solid food pieces (such as 
vegetables, meats, beans and the like) and a fluid or liquid component (such as sauce, dressing, 
gravy and the like). The liquid component contains a predetermined amount of ED composition 
effective in achieving a pH of the final product including both soUd and fluid components after 
process and equilibration, of less than about 4.6 and preferably less than about 4.2. 

25 Preferably, the food products of this invention are contained in a heat stable, scalable 

plastic pouch such that the food products can be pasteurized directly in the pouch and later 
heated or cooked directly in the pouch (e.g., in a boiling water bath or in a microwave oven) by 
the ultimate consumer. Indeed, one of the advantages of the present invention is that food 
products prepared by the process of this invention can be consumed directly firom the pouch as 

30 snacks (e.g. for vegetables, meats) or heated or cooked alone or with other ingredients as desired 
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(e.g. with pasta) by the consumer to provide the taste, texture, and appearance of a freshly 
prepared meal. The food products of the present invention can be heated or cooked in the 
original container (e.g., pouch) or removed form the original container for heating or cooking 
alone or in combination with other ingredients. 
5 In one aspect, blanching, cooking, acidification and pasteurization are conducted in 

separate process steps. The desired food products, preferably wherein the individual components 
are cut to the desired size, are combined with an ED composition. The pH of the ED 
composition is such that the pH of the preserved food product is less than about 4.6 and 
preferably less than about 4.2. Generally the pH of the ED composition will be less than about 

10 4.5 and preferably about less than 3.5. The acidified food product is then subjected to thermal 
treatment. The thermal treatment can be effected by the temperature of the ED composition 
being in the range of about 70 ""C to about 100 and preferably about 90 °C to about 100°C. 
Altematively, the thermal treatment may be effected by heating the food product and ED 
composition to a similar temperature. In any event, the thermal treatment is continued until the 

15 target pH is reached and is less than about 4.6 and preferably less than about 4.2and will 

generally be on the order of about 2 to about 15 minutes. For heat sensitive products such as 
certain vegetables (e.g. bell pepper), lower thermal exposure and/or lower pHs (so long as the 
final or equilibrium pH of the preserved food product is less than about 4.6 and preferably less 
than about 4.2 can be used to improve product quality by minimizing thermal exposure. After 

20 draining excess hot ED composition, the treated food product may be optionally rinsed with a 
cold ED composition (generally of similar composition to the original ED composition) to 
reduce the temperature to below about 25^C. The so-treated food product is then sealed in a heat 
stable container and then pasteurized. The container may, if desired, be sealed in a maimer so as 
to at least reduce oxygen levels in the container (e.g., vacuum packing, inert atmosphere, and the 

25 like) in order to provide additional protection against oxidative flavor deterioration. The sealed 
container is further pasteurized and is effected by thermally treating the food product to 
effectively raise the temperature of the food product to at least about 70 °C for at least one 
minute (or equivalent pasteurization conditions). Generally, pasteurization can be carried out by 
heating the sealed container in a hot water bath at about 70 to about 100°C for about 1 to about 

30 30 minutes, and more preferably at about 90 to about 100°C for about 1 to about 10 minutes. 



After pasteurization, the food product is rapidly cooled to below about 25 °C within about 10 
minutes and then stored under ambient conditions. 

In another aspect, acidification and pasteurization along with hydration (e. g. of pasta), 
blanching and cooking are conducted at essentially the same time in order to minimize total 
5 thermal exposure of the food product such is in the case of in-package process. The desired food 
products, preferably wherein the individual components are cut to the desired size, are combined 
with an ED composition at the desired ratio (i.e., sufficient acidifying power to provide the 
desired pH in the final preserved product). The food product and ED composition may be 
combined in a separate step and then placed in the desired heat stable container or added or 

10 combined directly in the desired heat stable container. The pH of the ED composition is such that 
the pH of the final preserved food product is less than about 4,6 and preferably less than about 
4.2. Generally the pH of the ED composition will be less than about 4.5 and preferably less than 
about 3.5. The temperature of ED composition should be above 0°C, and preferably above 70°C 
and more preferably above about 90°C to minimize the thermal treatment time for heat sensitive 

15 products (e.g. vegetables) or to accelerate hydration and cooking process of starch products (e.g. 
pasta). Optional ingredients can be added to the treated food product via the acid solution or at 
any time before sealing the container. The food product and ED composition, along with any 
added optional ingredients, are sealed in the heat stable container and then pasteurized. 

The ED compositions used to contact food products may also contain other optional 

20 ingredients or components such as, for example, salts, sweeteners, emulsifiers, thickeners, spices, 
flavorants, colorants, preservatives, nutrients, vitamins, minerals, antioxidants, botanicals, 
nutraceutical additives, and the Uke so long as they do not adversely effect the organoleptic 
and/or stability properties in a significant manner. Thus, the ED composition may be a low 
viscosity solution, a low viscosity marinade, a mediimi or high viscosity sauce, and the like. 

25 Suitable salts include, for example, sodium chloride as well as other common salts (e.g., calcium 
chloride, potassium chloride, and the like) which may be added for purposes other than providing 
a "salty taste." Suitable natural and artificial sweeteners include, for example sucrose, fructose, 
com syrup, acesulfame K, sucralose, and the like. Suitable thickeners and gelling agents include, 
for example, gums and starches. Suitable oils include edible flavored or unflavored oils. 

30 Oxidative stable vegetable oils (e.g., olive oil, canola oil, and the like) are preferred. Emulsifiers 

15 



(e.g., lecithin) may be included to enhance mouthfeel or reduce sticking. Suitable vitamins that 
-may be included in the acid solution include, for example, vitamin A, vitamin C, vitamin D, 
vitamin E, B vitamins, niacin, folate, folic acid, and the like as well as mixtures thereof. Suitable 
minerals include, for example, salts of metal nutrients, wherein the metals are chosen from 
5 among calcium, magnesium, copper, iron, zinc, chromium, and the like as wells as mixtures 
thereof; salts of inorganic minerals such as, for example, phosphate, sulfate, chloride, and the 
like as well as mixtures thereof can also be used. Suitable antioxidants include, for example 
propyl gallate, octyl gallate, dodecyl gallate, butylated hydroxyanisole, butylated 
hydroxytoluene, and the like as well as mixtures thereof Suitable botanicals include, for 

10 example St. John's wort, ginseng, ginkgo biloba, and the like as well as mixtures thereof. Of 
course, as those skilled in the art will realize, other vitamins, minerals, antioxidants, and 
botanticals can also be used in the present invention. The amount of such optional ingredients 
can, of course, vary considerably depending on the specific nutrient or mineral added (and its 
recommended daily requirement) and the targeted consumer. For example, macronuterients 

15 (e.g., calcium) can be added at relatively high levels (i.e., up to about 5 percent) whereas other 
trace minerals, vitamins, and other additives (i.e., generally materials having daily adult 
requirements in the milligram range or lower) will normally be added at much lower levels. 

As shown in Figure 4, food (e.g. vegetables, pasta) products may be acidified or 
preserved using a continuous countercurrent process. In this process, a food product, such as 

20 pasta, enters a cooker which can maintain a temperature of about 70 to about 100°C, preferably 
90 to lOO^C. Food product is typically feed into one end of the cooker at a rate corresponding to 
the time required to acidify and/ or cook the products generally in a range of about 30 seconds to 
about 30 minutes. An ED composition (pH of about 1 to about 4.5) is flowed into the cooker 
from the other end of the cooker in a countercurrent fashion or in an opposite direction of the 

25 food product at a rate determined by the combined effects of treatment temperature/ time, ED 
composition (e.g. pH), the ratio of food product to ED composition in the cooker, type and 
geometry (i.e. size and shape) of the food products. The exits the cooker from where the 
untreated food products enters the cooker. Acidified and cooked food products is removed from 
the cooker from where low pH ED composition entering the cooker and cook water (i.e. spent 

16 



ED composition with a pH typically greater than about 5 is removed from the opposite end of the 
cooker. 

The following examples illustrate methods for carrying out the invention and should be 
understood to be illustrative of, but not limiting upon, the scope of the invention which is defined 
in the appended claims. 

EXAMPLES 

EXAMPLE I 

An acidic aqueous ED composition was prepared by using ED equipped with a cationic 
monopolar-bipolar-cationic monopolar membrane configuration as described in Figure 2. 8 L of 
solution was processed using 6.1 V/cell with 1000 A/m^ electrical potential for 67 minutes until 
pH 1 .7 was achieved. Ion profiles of the feed (pre-ED) aqueous solution and the treated (post- 
ED) aqueous solution are given in the table below. 
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Ion Concentration (mN) 





Pre-ED 


Post-ED 


Calcium 


11.97 


. 0.50 


Magnesium 


0.30 


<0.01 


Potassium 


6.93 


2 42 


Sodium 


17.75 


0.47 


Chloride 


17.54 


17.54 


Sulfate 


9.37 


9.37 


pH 


7.79 


1.67 


Total cations 


36.95 


3.39 



The treated, acidic aqueous solution has no objectionable odor. When diluted with deionized 
water to pH of 3.25, the resulting mixture is practically tasteless. 

EXAMPLE II 

1 5 One part of freshly cut red bell pepper (RBP) of about 0.5" to about 0.5" and 0.55 to 0.65 

parts ED composition of pH 1.5 were placed in a heat-stable, heat-sealable flexible pouch. The 
pouch was sealed and submerged in water (about 210°F) for about 3 minutes with occasional 
flipping to insure uniform distribution of the ED composition. The pouch was cooled after 

heating at 40°F. The resulting RBP has a final, equilibrium pH of about 3.7 to 3.9. The RBP 
20 had crisp texture and had no objectionable sour taste and was stable under ambient storage 
conditions at 20°C. 

EXAMPLE in 

IQF cut com (USDA Grade B) was mixed with 1.0, 1.1, 1.2 or 1.3 parts ED composition 
25 (pH 1.56) and heated in a heat stable plastic pouch to nearly a boil in a microwave oven followed 
by continuous heating in a water bath (about 90 to about 100°C) additional five minutes after 
sealing the pouch. Samples were cooled in cold water and compared with samples 
conventionally prepared using lactic acid (pH 3.95) in a taste test (n=6). Tasters unanimously 
found that all samples prepared with ED composition were significantly more preferred due to 
30 drastically reduced sour taste commonly associated with conventionally acidified com. The 
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equilibrium pH of the samples prepared with ED water was 4.18, 4.00, 3.87 and 3.67 
respectively. 

EXAMPLE IV 

5 One part dry rotini was cooked in 5.8 parts ED composition (pH 1.94) at about 95-100 C 

for exactly 14 minutes. Cooked pasta was hot packed in a plastic pouch and cooled in a 
refrigerator for about 12 hours. The resulting sample (pH 3.9 to 4.0) after reheating in a 
microwave oven was tested against a control (commercial shelf stable, lactic acid acidified rotini 
with pH 3.9 to 4.0) with and without cheese sauce. Samples prepared with ED composition was 
10 judged by at least seven expert testers and found unanimously to be free from objectionable sour 
taste with and without cheese sauce. Similar tests using pasta acidified by lactic acid showed 
that, at comparable pH (pH 2.5-3.5), the sample treated with lactic acid was extremely acrid and 
unacceptable as compared to the sample acidified with ED composition. 

15 EXAMPLE V 

High quality, shelf stable, low pH (<4.2) meat was made by first par-cooking raw meat 
(chicken breast) to a desirable doneness or at least to obtain a fiiUy cooked appearance. For 
example, a piece of chicken breast (425 gm) was cut into slices of about in thickness and 
cooked in boiling water for about 30 seconds. Cooked slices were transferred into a glass jar 

20 containing 2X (by weight of cooked chicken) ED water at pH of 1 .29. The content and glass jar 
was microwaved to bring to a boil. The jar was sealed then allowed to cool at and to room 
temperature. After 48 hours, the pH of cooked slice was determined to be 4.16. The treated 
chicken breast was tasted as-is without any seasoning by a small expert panel. Results indicate 
that the sample had normal chicken flavor and appearance with unexpected tender texture. Most 

25 importantly, no objectionable sour taste was found. 

EXAMPLE VI 

This experiment demonstrate reduced use of ED composition can be achieved by using 
multiple stage acidification processes or continuous countercurrent process. Dry rotini was 
30 cooked in 4 parts of spent ED composition (i.e. ED composition or cook water already has been 
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used to cook rotini previously, with a pH of about 2.5) for about 7 minutes. Rotini was then 
transferred into 4 parts of fresh boiling ED composition (with a pH of about 1.94) and cooked an 
additional 7 minutes. After cooking the rotini was drained and ho packed in a large (24" x 24") 
heat scalable plastic pouch. The resulting cooked rotini (pH 3.9-4.0) had excellent texture and 
5 flavor. It was judged organoleptically (n=7) to be absent of the sour taste found in 
conventionally lactic acid acidified control with comparable pH. 

EXAMPLE VII 

This example demonstrates that a simple, effective, in-package, simultaneous 
10 acidification/ cooking/ pasteurization process using ED composition as acidifying agent can be 
successfiiUy carried out to produce high quality, shelf stable food products, particularly starch 
products such as pasta. ED composition (125 grams) having a temperature of about 95°C and 
pH of about 1 .3 was added to 100 grams of dry rotini in a heat-stable plastic pouch. The pouch 
was sealed and heated in a boiling water bath for 12 minutes with frequent tumbling action to 
15 allow even distribution of ED water in the pouch thus even uniform hydration of the pasta. 
Sealed bags were optionally cooled in cold tap water to room temperature (about 25^ C). The 
resulting cooked rotini (pH 3.91) had excellent texture and flavor. It was judged organoleptically 
(n=7) to be absent of the sour taste found in conventionally lactic acid acidified control with 
comparable pH. The in-package process works equally well using conventional acidulants (e.g. 
20 lactic acid). However, the products so processed has inferior quality (objectionable sour taste). 

EXAMPLE VIII 

This example demonstrates that ED composition can be used directly to completely or 
partially replace water in prepared or formulated food products such as gravies, sauces, dips, 

25 spreads, dressings, and the like to provide shelf stability under ambient storage conditions. The 
dry ingredients set forth below were blended in a plastic bag and then mixed with liquid. The 
mixtures were heated to greater than about 185°F for about 2 minutes and hot-filled into a heat 
stable plastic pouch. The filled pouch was allowed to cool to room temperature prior to 
measuring pH. The pHs of the control acidified with citric acid and the sample acidified with ED 

30 composition were 4. 1 and 3.85, respectively. 
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With Citric Acid 



With ED Composition 



Starch, Col Flo 67 


3.5 


3.5 


Onion Powder 


0.5 


0.5 


Chicken powder w/fat 


1.8 


1.8 


Parsley 


0.04 


0.04 


Pepper 


0.04 


0.04 


Oreffano 


0.10 


0.10 


Salt 


1.0 


1.0 


Sugar 


1.5 


. 1.5 


Carmel powder 


0.02 


0.02 


Citric acid 


0.20 


0 


Soybean oil 


2.5 


2.5 


Water 


88.81 


4.01 


ED Water 


0 


85.0 



The samples were evaluated using an expert taste panel of 5. Results indicated that 
sample prepared with ED composition did not taste sour even at slightly lower pH than the 
control. The control was unacceptable to all panelists due to its extreme sourness. 
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